side effects experienced with treatment. [1] [2] [3] Finally, a number of the previous analyses have included population comparators who may differ in important ways, such as race and substance use history, from HIV-infected women. [1] [2] [3] 5 The inclusion of women who are demographically similar, and from the same healthcare system, is of key importance. We investigated whether HIV and ART are associated with increased CVD events after adjusting for traditional risk factors and substance use and abuse in a cohort of HIVinfected and uninfected women veterans.
Methods Sample
The Veterans Aging Cohort Study-Virtual Cohort (VACS-VC) is a prospective, longitudinal, observational cohort. Each HIVinfected Veteran is matched on age, race/ethnicity, and clinical site to 2 uninfected veterans enrolled in general medicine clinics. 6 Data for this cohort are extracted from multiple Veterans Health Administration (VHA) sources, including the immunology case registry, national patient care database, and the VHA electronic medical record health factor data set. Deaths were confirmed using the VHA vital status file, the Social Security Administration death master file, the Beneficiary Identification and Records Locator Subsystem, and the VHA Medical Statistical Analysis Systems inpatient data sets. National Death Index data provided cause of death information. This study was approved by institutional review boards at the University of Pittsburgh, Yale University, and the VA Connecticut Healthcare System. Our analysis was restricted to women. Baseline was defined as the first clinical encounter on or after April 1, 2003. All participants were followed from their baseline date to a CVD event, death, or the last follow-up date before December 31, 2009.
As reported in an earlier study, VHA data were merged with data from Medicare, Medicaid, and the Ischemic Heart Disease-Quality Enhancement Research Initiative. 7 We excluded participants with prevalent CVD as identified by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for acute myocardial infarction (AMI), stable or unstable angina, cardiovascular revascularization, stroke or transient ischemic attack, peripheral vascular disease, or heart failure (HF) on or before their baseline date (n=66). After these exclusions, our final sample included 2187 women veterans (32% HIV infected). Those women excluded for prevalent CVD were significantly older than those without (47.3AE7.8 vs. 43.8AE7.7 years, P<0.001, respectively), but did not differ by race (black 65.9%, white 26.1% among those with prevalent CVD, and black 60.0%, white 30.2% in those without; P=0.59).
Independent Variable
We identified HIV infection by the presence of at least 2 outpatient or 1 inpatient ICD-9-CM codes for HIV and confirmation in the VHA immunology case registry. 6 
Dependent Variables
Our primary outcome was total CVD defined as the presence of AMI, unstable angina, ischemic stroke, or congestive HF. 7 Despite the lack of data on etiology of HF (ischemic vs. nonischemic), we elected to include HF in the CVD outcome because our earlier work demonstrates an association between HIV and HF 8 and because this approach also maximizes power. All primary outcomes were defined using VHA, Medicare, and death certificate data. factor data that are collected in a standardized form within the VHA. HTN was categorized based on use of antihypertensive medication and blood pressure ≥140/90 mm Hg derived from the average of the 3 routine outpatient clinical measurements closest to the baseline date. Diabetes was diagnosed using a previously validated metric that includes glucose measurements, antidiabetic agent use, and/or at least 1 inpatient and/or 2 or more outpatient ICD-9-CM codes for this diagnosis. 10 Abnormal serum lipid concentrations were defined as LDL ≥160, HDL <50, and TGs ≥150 mg/dL.
The HMG-CoA reductase inhibitor use was within 180 days of the baseline date. Hepatitis C virus (HCV) infection was defined as a positive hepatitis C virus antibody test result or at least 1 inpatient and/or 2 or more outpatient ICD-9-CM codes for this diagnosis. Renal disease was defined as an estimated glomerular filtration rate (eGFR) <60 mL/min per 1.73 m 2 and was obtained from VA laboratory data. Anemia was defined as hemoglobin <12 g/dL. Current, past, and never smoking and BMI were assessed using documentation from the VHA electronic medical record health factor data set, which contains information collected from clinical reminders that clinicians are required to complete for patients. Previous work demonstrates high agreement between health factor documentation and self-reported smoking survey data.
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History of cocaine and alcohol abuse or dependence was identified using ICD-9-CM codes. 12 We collected data on baseline CD4 + T-cell (CD4) counts and HIV-1 RNA values.
Baseline ART was categorized by drug class and types of regimens documented within 180 days of the baseline enrollment date. Antiretroviral regimens were defined as follows: protease inhibitors (PIs) plus nucleoside reverse transcriptase inhibitors (NRTIs); non-nucleoside reverse transcriptase inhibitors (NNRTIs) plus NRTIs;, other; and no ART use. We have previously demonstrated that 96% of HIVinfected veterans obtain all of their ART medications from the VHA. 6 Because the analytic sample was not perfectly matched as a result of the exclusion of individuals with prevalent CVD, we also included variables on which the original cohort was matched (age, race, and ethnicity).
Statistical Analysis
Descriptive statistics for all variables by HIV status were assessed using 2-sample t tests or the nonparametric counterparts for continuous variables, and the chi-square or Fisher's exact tests for categorical variables. We calculated the incidence of total CVD per 1000 person-years, as well as median age at time of CVD event, stratified by HIV status. We used Cox proportional hazards models to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) to assess whether HIV infection was associated with incident total CVD after adjusting for age and race/ethnicity and then for Framingham risk factors. 9, 13 In a third model, we adjusted for demographic characteristics, Framingham risk factors, comorbid disease, and substance abuse or dependence. We conducted secondary analyses that compared uninfected women to HIV-infected women stratified by baseline CD4 + Tcell count, baseline HIV-1 RNA level, and baseline ART status. On ART at baseline was defined as on any ART regimen (PI+NRTI, NNRTI+ NRTI, or other ART medications) versus not on any ART at baseline. We also examined the rates of CVD among HIV-infected veterans who were on ART and not on ART at baseline, compared to uninfected veterans. Missing covariate data were included in the analyses using multiple imputation techniques that generated 5 data sets with complete covariate values to increase the robustness and efficiency of the estimated HR.
Results
After restricting the VACS-VC sample to women (n=2253) and excluding those with baseline CVD (n=66), our final sample included 2187 women, of whom 710 (32%) were HIV infected. Among the HIV-infected women, 248 (34.9%) were on ART at baseline (Table 1 ). An additional 393 women initiated ART within a median of 1.14 years (interquartile range [IQR], 0.28, 3.01) after entry into the cohort. The prevalence of several cardiovascular risk factors differed by HIV status. HIV-infected women veterans had a higher prevalence of low HDL cholesterol, elevated TGs, smoking, HCV infection, hemoglobin <12 g/dL, alcohol and cocaine abuse/dependence, and a lower prevalence of HTN and obesity (BMI ≥30 kg/m 2 ; P<0.05 for all).
During a median follow-up of 6.0 years, there were 86 incident CVD events (53% HIV infected). Of these events, 13% were AMI, 8% were unstable angina, 22% were ischemic stroke, and 57% were HF. All events occurred in unique individuals. Median time to CVD event was 3.1 versus 3.7 years (P=0.11) for HIV-infected, compared to uninfected, women. Incident CVD per 1000 person-years was significantly higher among HIV-infected (13.5; 95% CI=10.1, 18.1), compared to uninfected, women (5.3; 95% CI=3.9, 7.3; P<0.001; Figure) . The incidence of CVD excluding HF was also higher among HIV-infected women, compared to uninfected controls After adjusting for Framingham risk factors (age, lipids, smoking, blood pressure, and diabetes), other comorbidities (renal disease, obesity, HCV infection), substance use and abuse (cocaine and alcohol), and demographic factors, HIVinfected women veterans had a significantly increased risk of total CVD, compared to uninfected women veterans (HR=2.8; 95% CI=1.7, 4.6; P<0.001; Table 2 ).
Compared to uninfected women, HIV-infected women had a significantly increased risk of CVD, regardless of CD4 count at baseline (≥500, 200 to 499, and <200 cells/mm 3 ; HIV-RNA ≥500 copies/mL, % 59.7 these differences were not statistically significant. In addition, HIV-infected women with detectable HIV-1 RNA (≥500 copies/mL) were at greater risk for CVD, compared to uninfected women (HR=3.7 [95% CI=2.1, 6.5]), although CVD risk did not differ by level of HIV-RNA suppression (P>0.05; Table 3 ).
Being on ART at baseline did not appear to change these relationships ( Table 3) . The rates of incident CVD per 1000 person-years among HIV-infected women who were on ART at baseline, compared to those who were not, were similar (12.8 [95% CI=8.0, 20.7] vs. 14.0 [95% CI=9.7, 20.1], respectively) but were significantly higher than the rate of incident CVD among uninfected women (5.3; 95% CI=3.9, 7.3; P<0.003).
HIV-infected women had a more than 2-fold increased risk of death, compared to uninfected women (HR=2.6; 95% CI, 1.7 to 3.9; P<0.001). death. Causes of death for these 3 women included hemorrhagic stroke (1 woman) and unstable angina (2 women). In a secondary analyses that included CVD death as an outcome, the HR for HIV did not differ substantially from those in primary analyses (HR=2.6; 95% CI, 1.6 to 4.3; P<0.01).
Discussion
HIV-infected women had higher rates and risks of total CVD, compared to uninfected women. This increased risk persisted after adjustment for demographic factors, Framingham risk factors, other comorbidities, and substance (alcohol and cocaine) use and abuse. Although multiple earlier studies have linked HIV infection to AMI, coronary heart disease, ischemic stroke, and HF, the majority of the participants in these studies were men. 7, 14 Few studies have focused on women and even fewer included CVD events. Our results are consistent with earlier studies that linked HIV infection to an increased risk of CHD, ischemic stroke, and subclinical atherosclerosis among women. 1, 2, 15 Our findings extend these results by examining this association in a national sample of HIV-infected and uninfected women from the same healthcare system. In addition, we were able to adjust our analyses for demographic and Framingham risk factors, as well as comorbid conditions, smoking, and substance use and abuse variables (cocaine and alcohol). We assessed incident CVD events and included analyses stratified by HIV-1 RNA, CD4 count, and ART use.
Our results are consistent with previous studies reporting HIV infection as an independent risk factor for CVD in men, suggesting that HIV infection increases the risk of CVD regardless of gender. In addition, ART, Framingham risk factors, and important comorbidities, such as HTN, renal Although the exact mechanisms for increased CVD risk in HIV-infected women are not known, earlier studies in men have suggested inflammation, immune activation, immunodeficiency, altered coagulation, dyslipidemia, insulin resistance, and endothelial dysfunction as potential mechanisms. [16] [17] [18] HIV-infected women also have increased immune activation markers (soluble CD163) that are associated with preclinical CVD, compared to uninfected women. 19, 20 Previous studies among uninfected women also suggest that depression 21, 22 (which has a higher prevalence among HIV-infected vs. uninfected women 22 ), earlier menopause 23 (which may be more prevalent among HIV-infected vs. uninfected women 24 ), and other drivers of decreased estrogen, such as substance use, 24, 25 are all associated with incident CVD events. 26 Whether these factors contribute to the excess risk of CVD among HIV-infected women, however, is not known. Currently, women represent 1 of every 4 people living with HIV infection in the United States and 20% of all new infections. 5 Minority women are disproportionately affected by the HIV infection epidemic. Heart disease and cerebrovascular disease are the first and third leading causes of death among U.S. women ages 18 or older, respectively. For these reasons, future studies will be needed to elucidate the mechanisms of CVD in this high-risk population. Without this knowledge, CVD risk stratification strategies for HIV-infected women will not be optimal. There are several limitations to this study that warrant discussion. First, unlike earlier studies in HIV-infected men, we did not find significant associations between several traditional and HIV-specific risk factors and total CVD. The lack of significance likely reflects our relatively small number of total events (n=86). However, when we compared these results to our larger study among HIV-infected and uninfected male and female veterans, 7 the associations between the majority of these risk factors and CVD risk were of similar direction and/or magnitude. We also did not have sufficient power to examine individual types of CVD events separately in this analysis. However, previous studies among men have demonstrated that HIV is significantly associated with each component of our CVD variable (AMI, unstable angina, ischemic stroke, and HF). Given the earlier associations of HIV with HF and nonadjudicated HF outcomes, ascertainment bias by HIV status for this component of our CVD outcome is possible. However, the HIV uninfected women in this cohort also had important HF risk factors present (eg, HTN or obesity) that could have precipitated a workup for HF. On balance, this study presents data from one of the few cohorts of HIV-infected women that includes CVD events, detailed information on comorbidities, substance use and abuse, HIV-specific biomarkers, and a comparator group of uninfected women from the same national healthcare system. Our study also incorporated VHA, Medicare, and National Death Index cause-of-death data to maximize our capture of incident CVD events. The contribution of ART to CVD risk among women is an important question that we are unable to assess given the limited sample size and number of events. This is an important question for future analyses. In addition, it is difficult to know whether women in any cohort are truly representative of U.S. women living with HIV infection. Therefore, our findings should be replicated in cross-cohort collaborations so that we can better understand the association between HIV and CVD in women.
In summary, HIV-infected women have increased rates and risk of incident CVD events, as compared to uninfected women, after adjustment for demographic characteristics, Framingham risk factors, other comorbidities, and substance use and abuse. Future studies should focus on the identification of risk factors contributing to this excess risk of CVD among HIV-infected women and strategies designed to prevent CVD in this high-risk population.
